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Laser microdissection allows isolation of tiny samples
from tissue sections for analysis of gene expression
by real-time quantitative polymerase chain reaction
(PCR). Although immunohistochemical labeling is of-
ten required to identify target structures, it drastically
degrades mRNA so that shortened protocols are
needed. Here, we present a novel method that allows
fluorescence double labeling to be performed in only
one incubation of 5 minutes. Fab fragments directly
coupled to fluorochromes are linked to primary anti-
bodies before these complexes are applied to sec-
tions. We quantified the influences of fixatives, label-
ing solutions, and incubation time on the mRNA yield
and compared our method with previously proposed
protocols. While tissue components, ie, vimentin and
Ki67 antigen, were sufficiently stained after only 5
minutes of incubation, the new method produced a
minute loss of mRNA that did not significantly differ
from that of untreated sections. In contrast, incuba-
tion times of 15 and 30 minutes reduced the mRNA
yield by 99.8 to 99.9%. Furthermore, incubation peri-
ods longer than 5 minutes critically affected the ratio
between the target and housekeeping genes tested by
factors of up to 10.6. In conclusion, the novel method
described here reduces mRNA loss and potential ratio
shifts to a level that does not significantly differ from
that of unlabeled samples. (J Mol Diagn 2006, 8:246–253;
DOI: 10.2353/jmoldx.2006.050096)

Molecular interactions that are restricted to specific mi-
crocompartments are of increasing significance for the
understanding of biological processes, eg, the initiation
of immune responses. In the past few years, novel tech-
niques have been developed in the field of molecular
pathology that can be applied to minute amounts of a
substance, eg, some dozens of identical mRNA mole-
cules, so that these are identified specifically and ana-

lyzed quantitatively (for review, see Refs.1,2). Because
such extremely sensitive detection methods allow tiny
tissue samples to be analyzed,3,4 techniques are needed
for the effective isolation of relevant tissue microcompart-
ments or even single cells. Laser microdissection uses
conventional tissue sections on membrane-covered
glass slides, optical microscopy, and a UV laser beam to
separate samples that, in most cases, are by far smaller
than one cubic millimeter.5,6 Cell groups and regions of
interest are identified according to morphological or his-
tochemical peculiarities. This can be achieved by classi-
cal staining, eg, using toluidine blue or hematoxylin and
eosin, as it is often done in diagnostic histopatholo-
gy.5,7–9 In many cases, however, immunohistochemical
labeling is required because numerous cell types and
tissue components cannot readily be identified using
morphology alone.10,11 Such situations comprise lym-
phocyte subsets and functional compartments in an on-
going inflammation in immunological research, potential
tumor cells in pathology, neuronal and glial cell types in
neurobiology, and numerous other fields.

Conventional protocols for immunohistochemical la-
beling normally comprise two or three incubations and
about the same number of rinsing steps, generally lasting
for several hours.12,13 It is well known that such long
incubation times dramatically deteriorate the nucleic ac-
ids to be detected later because of diffusion and enzy-
matic degradation, especially when mRNA is ana-
lyzed.10,14,15 This reduces the potential sensitivity by
several orders of magnitude.16,17 In addition, it is nor-
mally required to determine ratios between target and
housekeeping genes, because potential influences such
as sample volume, efficiency of reverse transcription,
and variances of the polymerase chain reaction (PCR)
considerably affect the amount of cDNA copies detect-
ed.2,4,16 However, it is still unclear whether such ratios
are stable or to what extent they depend on the tissue
processing.
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To minimize mRNA loss and potential ratio shifts, the
number of incubation steps and the incubation time per
step should be reduced. Compared with conventional
bright field microscopy, fluorescence techniques do not
require separate steps for the generation of visible dyes
and can easily be combined with laser microdissection
systems. In conventional immunohistochemistry, at least
two separate steps for the primary and the secondary
antibody are required. Because complete antibody mol-
ecules possess two antigen binding sites, mixtures of
primary and secondary antibodies would agglutinate be-
fore binding to tissue epitopes. An elegant way to circum-
vent this has recently been published18,19 using mono-
valent Fab antibody fragments instead of complete
secondary antibodies. Fab fragments coupled to fluores-
cent dyes are pre-incubated with primary antibodies be-
fore the resulting complexes are applied to tissue sec-
tions in a single incubation.

In the present study, we established a new ultra-short
Fab fragment method for use in laser microdissection
and determined the minimum incubation time necessary
to sufficiently identify target structures in tissue sections
after single and double labeling. Using real-time reverse
transcriptase-PCR (RT-PCR), we quantified the effects of
fixatives, labeling solutions and incubation time on mRNA
yield and on the mRNA ratios of a target gene (vimentin)
and a housekeeping gene (EF-1a).

Materials and Methods

Tissue Processing

Tissue samples of the appendix of male adult rabbits
(2.5 to 3 kg; Charles River, Sulzfeld, Germany) were
frozen in liquid nitrogen immediately after removal and
stored at �80°C. Serial sections (10 �m in thickness)
were mounted on glass slides covered with a mem-
brane of polyethylene naphthalate 1.35 �m in thick-
ness (PALM Microlaser Technologies, Bernried, Ger-
many) and stored at �80°C.

Fixatives

Tissues sections were fixed in three different solutions
previously described by other groups20–22 to identify the
optimal fixation for immunolabeling and laser microdis-
section: 95% ethanol, a 1:1 mixture of methanol:acetone,
and Carnoy’s medium (60% ethanol, 30% chloroform,
and 10% acetic acid). Sections were fixed in one of these
solutions at �20°C for 2 minutes before labeling.

Staining

Sections were stained in a solution of toluidine blue O
(0.1% in water that was treated with diethyl pyrocarbon-
ate [DEPC]; Sigma-Aldrich, Munich, Germany) for survey
microscopy according to the following protocol: 75% eth-
anol for 1 minute, DEPC-treated water for 1 minute, tolu-
idine blue solution for 5 minutes, DEPC-treated water for
15 seconds, and ethanol two times for 30 seconds.

Stained slides were air-dried at room temperature and
stored at �80°C. All solutions used for staining, rinsing,
and immunolabeling were prepared using DEPC-treated
water.

Immunolabeling

The optimized basic protocol for all immunolabelings
started with fixation in 95% ethanol at �20°C for 2 min-
utes followed by seven dippings (about 10 seconds in
total) in phosphate-buffered saline (PBS). Immunolabel-
ings were performed as one-step methods at room tem-
perature using either a dye-coupled antibody (direct
technique) or primary antibodies conjugated to dye-cou-
pled Fab antibody fragments (Fab fragment technique).

For the direct technique, an anti-vimentin antibody
(clone V9, dilution 1:200; Sigma-Aldrich) chemically con-
jugated to the red fluorescent dye Cy3 was applied for 5,
10, 15, 30, or 60 minutes. For the Fab fragment tech-
nique, 2 �l of unconjugated anti-vimentin antibody (clone
V9) was incubated with 15 �l of anti-mouse Fab frag-
ments coupled with the red fluorescent dye Alexa-Fluor
555 for 10 minutes (Zenon antibody labeling kit; Molecu-
lar Probes, Leiden, The Netherlands). To block excessive
anti-mouse Fab fragments, 15 �l of mouse immunoglob-
ulin (blocking reagent of Zenon antibody labeling kit) was
added and incubated for 10 minutes. A defined volume of
PBS was then added to achieve the final dilution (1:200)
of the antibody-Fab-dye complexes. Ethanol-fixed sec-
tions on membrane-covered slides were incubated with
this solution for 5 minutes at room temperature, dipped
twice in PBS, air-dried at room temperature, and imme-
diately used for sample acquisition.

One-step double labelings were performed using an
anti-vimentin mouse monoclonal antibody (clone V9) and
an anti-Ki67 mouse monoclonal antibody (clone Mib-5;
Dako, Hamburg, Germany). Using the Fab fragment
technique, the vimentin antibody was coupled to Alexa
Fluor 488 (final dilution in the mixture 1:100) and the Ki67
antibody to Alexa Fluor 555 (final dilution in the mixture
1:8). To achieve such low dilutions, both the Fab solution
and the blocking reagent were concentrated in a vacuum
centrifuge to 30% of their previous volume before they
were mixed with the monoclonal antibodies. The two
antibody-Fab-dye complexes were then mixed, some
PBS was added to achieve the final dilutions, and the
sections were incubated with this solution for 5 minutes.
To estimate the influence of the incubation time on mRNA
ratios, additional sections were incubated for 15, 30, or
60 minutes. Labeled slides were air-dried at room tem-
perature and used immediately for microscopy and sam-
ple acquisition.

Microscopy and Sample Acquisition

Labeled sections were examined in a microdissection
system equipped with fluorescence filter sets for UV,
blue, and green excitation and a pulsed 337-nm UV laser
(PALM MicroBeam; PALM Microlaser Technologies). Us-
ing the laser microdissection and laser-pressure cata-
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pulting modes, small areas of the sections (5,000 to
500,000 �m2) were excised and analyzed by real-time
PCR (Figure 1). To avoid possible detrimental influences
of the laser light and potential loss of tissue fragments
during laser-pressure catapulting, one tissue section
from each of the differently treated slides was excised
using a sterile scalpel and directly transferred to diges-
tion buffer RLT (RNeasy Minikit; Qiagen, Hilden, Ger-
many). Quantitative measurements presented are thus
based on tissue that was not exposed to UV light. Mean
threshold cycle (Ct) values are based on six indepen-
dently processed samples per group and displayed as
means � SD.

RNA Extraction and Reverse Transcription

Total RNA was extracted using the RNeasy Minikit (Qiagen)
following the protocols of the supplier. The extracted RNA
was concentrated to a final volume of approximately 8 �l
using a vacuum centrifuge and digested using DNase 1
(Sigma-Aldrich). Reverse transcription was performed
using Superscript II reverse transcriptase (Invitrogen,
Karlsruhe, Germany) and random hexamers according to
the manufacturer’s manual. In addition to real-time quanti-
tative PCR (described below), the RNA extracted from im-
munolabeled and microdissected samples was analyzed
using gel electrophoresis. This second, independent tech-
nique showed sharply bounded bands for rRNA, indicating
that the contained RNA was of high quality.

Real-Time Quantitative PCR

Taq-Man assays for vimentin and the housekeeping gene
EF-1a23,24 were designed using Primer Express software
(Applied Biosystems, Foster City, CA) and synthesized by
IBA (probes; Göttingen, Germany) and MWG Biotech AG
(primers; Ebersberg, Germany). Sequences for primers and
probes were from 3� to 5� as follows: vimentin forward,

GCACGATGAGGAAATCCAGGA; vimentin reverse, AGGT-
CAGGCTTGGAAACATCC; vimentin probe, FAM-TGCAG-
GCCCAGATCCAGGAACAGC-TAMRA; EF-1a forward, TGT-
TGAGAGCTTCTCTGACTATCC; EF-1a reverse, CTCCAG-
CAGCCTTCTTGTCC; and EF-1a probe, FAM-CCTCTGG-
GTCGTTTCGCTGTCCGT-TAMRA.

Amplicon sizes were 110 bp for EF-1a and 84 bp for
vimentin; sequences were taken from GenBank (accession
numbers AY465353 for vimentin and U09823 for EF-1a).
Optimized runs were performed on an ABI 7000 sequence
detection system (Applied Biosystems) and started with 10
minutes at 95°C followed by 40 cycles with 15 seconds at
95°C and 1 minute at 54°C. PCR reactions were performed
at the following conditions: 300 nmol of each primer, 250
nmol of the respective probe, 2 �l of sample cDNA, 12.5 �l
of PCR master mix (Eurogentec, Seraing, Belgium), and
10.9 �l of DEPC-treated water to yield a final volume of 25
�l. Samples and no template controls were included in each
run as duplexes, and each run was performed twice. Ten-
fold dilutions of cDNA were subjected to PCR, and standard
curves were generated based on these results using PCR
software (Applied Biosystems) to prove the kinetics of the
reactions.

Ratios between vimentin mRNA yields and EF-1a
mRNA yields were calculated on the base of Ct values of
six samples per group and two independently performed
PCR runs (ratio � 2Ct EF-1a � Ct vimentin). Ratios represent
relative gene expressions and are displayed as number
of vimentin copies per 100 copies of EF-1a. Data were
statistically analyzed using the Mann-Whitney-Wilcoxon
rank sum test.

Results

Identification and Isolation of Tissue Structures

Toluidine blue-stained cryo-sections allowed the major
compartments of the gut-associated lymphoid tissue to

Figure 1. a–c: Fluorescence double labeling of vimentin (green) and the proliferation marker Ki67 (red) in rabbit appendix using the Fab fragment technique.
The section was incubated for 5 minutes with a mixture of an anti-vimentin antibody coupled to Alexa Fluor 488-labeled anti-mouse Fab fragments and an
anti-Ki67 antibody coupled to Alexa Fluor 555-labeled anti-mouse Fab fragments. a and b show single channel fluorescences; the overlay of the two channels is
depicted in c. The presence of vimentin is used to identify the membranous (M) cells (arrows) in the dome epithelium (de). In addition, fibroblasts and some
other cells of the lamina propria (lp) contain vimentin and are thus labeled, whereas the opposed non-dome epithelium (nde) is devoid of vimentin-containing
cells. The nuclei of proliferating cells (red, arrowheads), most of which are lymphocytes, are located in the cytoplasmic pockets of the M cells and in the lamina
propria. Imaging was done in a confocal laser scanning microscope to depict the full quality of the labeling independent of optical limitations. d and e:
Fluorescence view of rabbit appendix before (d) and after (e) laser microdissection of an epithelial region (asterisk) containing M cells. The section was labeled
for vimentin in a single incubation of only 5 minutes. The quality of the micrographs is limited because they were taken in a low quality video camera of the
microdissection system, and because optical imaging was done through the supporting membrane, which scatters light and produces autofluorescence. The latter
is additionally induced by the laser beam at the margins of the microdissected area. a–c, 250:1; d and e, 70:1.
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be identified in bright field microscopy. Specific cell
types (eg, the membranous M cells) or functional states
(eg, proliferation) were assessed using immunofluores-
cence. Laser microdissection of areas larger than a sin-
gle cell requires a supporting membrane through which
fluorescence illumination and optical imaging is done.
Independent of the protocols used for section process-
ing, this polymeric membrane possessed a strong
autofluorescence under UV excitation (at �350 nm) so
that blue fluorescent dyes could not be identified on the
bright background. Excitation with blue light (at �470
nm) resulted in a moderate green autofluorescence,
whereas excitation with green light (at �546 nm) gave the
best results with only little background fluorescence and
good overall contrast (Figure 1). Therefore, single label-
ings were performed using the red dyes Cy3 or Alexa
Fluor 555, whereas double labelings were performed
using Alexa Fluor 555 combined with the green fluores-
cent dye Alexa Fluor 488. Identification and laser micro-
dissection of tissue structures was limited in both bright
field and fluorescence microscopy by insufficient flatness
of the supporting membrane, so that the position of the
focal plane varied locally and had to be re-adjusted
steadily. To confirm that mRNA was sufficiently preserved
after immunolabeling, small tissue areas were isolated
from labeled sections using laser microdissection and
laser-pressure catapulting (Figure 1), and the content of
EF-1a mRNA was determined in real-time RT-PCR. The
resulting Ct values after a 5-minute labeling ranged be-
tween 22.3 � 0.32 for sample sizes of 500,000 �m2

(about 5,000 cells) and 38.5 � 1.03 for 5,000 �m2 (about
50 cells).

Reduction of Incubation Time

It was reported that the incubation time required for
staining or immunolabeling of tissue sections critically
affects the mRNA yield in RT-PCR.10,14,15 We therefore
drastically reduced the total processing time by intro-
ducing the ultra-short one-step Fab fragment tech-
nique. Preliminary tests revealed that incubation times
of only 5 minutes (7 minutes of total processing time
including rinsing and drying) gave sufficient results if
the concentration of the primary antibody was in-
creased by factors of 10 to 20. Under these conditions,
the labeling of rabbit M cells using the Fab-labeled
anti-vimentin antibody (V9-Fab-Alexa 555) resulted in a
strong fluorescence of individual cells (M cells) in the
dome epithelium, whereas other parts of the epithelium
as well as the pure supporting membrane showed a
moderate or weak background fluorescence (Figure
1). The fluorescence intensity of the 5-minute Fab frag-
ment method was comparable with that of a two-step
protocol in which an unconjugated primary antibody
was followed by a rinsing step and a Cy3-coupled
secondary antibody. In addition, the direct technique,
in which the V9 antibody was covalently coupled to
Cy3 (5 minutes incubation; 7 minutes of total process-
ing time), resulted in a similar but slightly brighter
fluorescence.

One-Step Double Labeling

The Fab fragment technique also allowed double label-
ings to be performed in only one step of 5 minutes.
Double-labeled sections showed vimentin-containing
structures, such as M cells, in the green channel (V9-Fab-
Alexa 488) and proliferating nuclei, such as those of the
crypts, in the red channel (Ki67-Fab-Alexa 555; Figure 1).
Using single and double immunofluorescence, relevant
areas of the labeled sections could easily be isolated by
laser microdissection and collected in PCR tubes. Triple
labeling was not possible because of the technical limi-
tations regarding autofluorescence of the supporting
membrane as described above.

Quantitation of mRNA

The Ct measured in real-time PCR is reciprocally and
logarithmically related to the absolute number of mRNA
copies. Thus, an increase by 1 Ct unit equals a loss of
50% specific mRNA in the sample.

Sensitivity and Specificity of Real-Time PCR

The slopes of standard curves recorded for vimentin and
EF-1a sequences ranged between �3.33 and �3.28.
According to Pfaffl,25 these values correspond to reac-
tion efficiencies between 99.7 and 101.8%. SD based on
mean Ct values of the duplicates of each run were below
1.0, and the coefficient of variation based on Ct values of
two corresponding runs was below 0.05 for all measure-
ments. According to Bustin,2 such values confirm that our
quantitative real-time PCR data are highly reproducible.
No-template controls and controls containing genomic
DNA did not yield any signal in real-time PCR.

Effect of Different Fixatives

The three different solutions used to fix the tissue sections
before labeling and laser microdissection revealed al-
most identical yields of EF-1a mRNA in real-time PCR
(Figure 2). Because ethanol gave the best preservation of
tissue structures and was easy to store and handle, it was
selected for all following labelings and quantitations. Sta-
tistical tests in which Ct values of EF-1a mRNA after
ethanol treatment were compared with Ct values pro-
duced after treatment with the other two fixatives showed
that ethanol was slightly superior to Carnoy’s solution
(P � 0.05) but not different from methanol/acetone.

Effect of Incubation Time

To determine the influence of incubation in antibody so-
lution, the duration of this step was varied, whereas other
parameters such as fixation, rinsing, and drying re-
mained constant. Compared with the shortest incubation
time that generated sufficient immunolabeling (5 min-
utes), prolonged incubation times drastically reduced the
amount of mRNA detected in real-time PCR (Figure 3).
Although EF-1a mRNA was detected at Ct 18.6 � 0.6
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after 5 minutes of incubation in V9-Cy3 antibody solution,
10 and 15 minutes of incubation in the same solution
resulted in Ct values of 22.2 � 0.6 and 27.6 � 0.8,
respectively. This represents an average loss of 0.72 Ct
units (39% mRNA) or more within every minute of addi-
tional incubation. Incubation for 30 or 60 minutes led to a
further loss of mRNA copies (Ct 28.5 � 1.2; Ct 30.8 �
0.7). A 60-minute incubation in antibody solution, as typ-
ically used in standard immunolabeling protocols, re-
duced the mRNA yield by 12.2 Ct units (factor 4700)
compared with the 5-minute incubation, indicating that
only 0.02% of specific mRNA was preserved in the sam-
ples after tissue processing. The differences in Ct units
between the 5-minute incubation and all longer incuba-
tion times tested were statistically significant (P � 0.05).

Influence of Labeling and Staining Protocols

Staining with toluidine blue as well as direct immunola-
beling, Fab fragment single labeling, and Fab fragment
double labeling required about 5 minutes of incubation
and about 7 minutes in total of contact with aqueous
solutions. Ct values for EF-1a obtained after these four
ultra-short treatments were compared with those deter-
mined for sections that had not been in contact with any
solution (Figure 4, untreated). Although a 60-minute in-
cubation in antibody solution (Ct 28.8 � 0.7) reduced the
mRNA yield by 9.9 Ct units (factor 950), the 5-minute
incubation protocols did not produce significant loss of
specific mRNA compared with untreated tissue (Ct
19.9 � 1.8).

Preservation of mRNA Ratios

To confirm whether the staining and labeling protocols
affect different mRNA species in a comparable manner,
ratios between the number of copies of vimentin mRNA
(gene of interest) and EF-1a mRNA (housekeeping gene)
were determined (Figure 5). Ratios are displayed as num-
ber of copies of our target gene (vimentin) per 100 copies
of our housekeeping gene (EF-1a). Sections stained with
toluidine blue (mean ratio 1.4 � 1.3) or immunolabeled
for 5 minutes (mean ratio 2.2 � 0.6) did not differ from
untreated sections (mean ratio 1.8 � 0.3), indicating that
these ultra-short protocols did not alter the ratio signifi-
cantly (P � 0.05). In contrast, an incubation of 60 minutes
significantly shifted the ratio by a factor of 13 (mean ratio
23.4 � 14.1 compared with 1.8 � 0.3 found in untreated
sections; P � 0.05). Thus, the 60-minute labeling pro-
duced a false-high result for the target gene (Figure 5).

Figure 2. Effect of different fixatives on mRNA recovery of the housekeeping
gene EF-1a. Cryo-sections of rabbit appendix were incubated with a Cy3-
conjugated anti-vimentin antibody for 5 minutes (one-step direct method).
Each bar represents the mean Ct value and the SD of six identically treated
samples. Although the different fixatives influenced the mRNA preservation
only marginally, ethanol gave significantly better mRNA yields than Carnoy’s
medium (P � 0.05).

Figure 3. Effect of the incubation period on EF-1a mRNA recovery. Cryo-
sections of rabbit appendix were fixed in ethanol for 2 minutes and incu-
bated with antibody solution for different periods. Prolongation of the incu-
bation period from 5 to 60 minutes leads to a drastic loss of detectable mRNA
copies, corresponding to significantly increased Ct values in real-time PCR
(P � 0.05; asterisks). The difference between the 5- and 15-minute samples
is 9.0 Ct units, indicating that within only 10 minutes of additional incubation,
there is a loss of 99.8% of specific mRNA. Bars represent means and SD of six
samples per group.

Figure 4. Impact of different staining and labeling protocols on the amount
of EF-1a mRNA detected in cryo-sections of rabbit appendix using quantita-
tive real-time RT-PCR. All methods that comprise a single incubation of only
5 minutes (bars 2 to 5) yielded comparable mRNA recovery and did not
significantly differ from untreated controls. In contrast, an incubation of 60
minutes led to a significant loss of detectable EF-1a copies (P � 0.05;
asterisk). The difference of 9.3 Ct units, which equals a factor of more than
600, between the 5-minute and the 60-minute incubations corresponds to a
quantitative loss of 99.8% EF-1a mRNA. Bars represent means and SD of six
samples per group.
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Reduced incubation times of 15 and 30 minutes likewise
produced a significant alteration of the ratio between the
analyzed sequences (P � 0.05; Figure 5, asterisks). The
shift was smaller than after a 60-minute incubation
(10.5 � 3.8 and 17.9 � 14.6 compared with 23.4 � 14.1)
but still produced a false-high result for the gene of
interest (Figure 5).

Discussion

Laser microdissection of tissue sections and subsequent
analysis of gene expressions has become a powerful tool
in research and diagnosis in the past few years. If com-
bined with real-time PCR, this technique yields an unri-
valled sensitivity and thus allows tiny samples or even
single cells to be excised and analyzed.5,6 In most cases,
staining or immunolabeling is needed to identify target
structures in complex tissues. Conventional protocols for
such labelings comprise numerous incubation and rins-
ing steps and typically last 1 hour or more, so that mRNA
is washed out or damaged.10,14,15 Several attempts have
been made to reduce the time period in which the sec-
tions are in contact with aqueous solutions,10,14,16,22,26

and it must be assumed that the total incubation time is
still the most crucial point regarding mRNA recovery.16,17

We therefore developed an elegant and ultra-fast label-
ing method, compared it with other staining protocols,
and quantitatively determined the influence of several
critical factors.

The results show that 1) sufficient immunolabeling can
be performed within 5 minutes of incubation, 2) the
mRNA loss is minute and not significantly different from
that of untreated or toluidine blue-stained sections, and
3) fluorescence double labeling can successfully be per-
formed using the new method. Nevertheless, we also

found that a number of parameters drastically affect the
mRNA yield and thus must be considered when devel-
oping standardized protocols for laser microdissection
and mRNA quantitation. Although the composition of the
fixative only marginally influenced the Ct values mea-
sured, prolonged incubation in aqueous solutions (ie,
staining, antibody incubation, and rinsing steps) dramat-
ically reduced the mRNA yield. Compared with the short-
est protocol (5 minutes of incubation in antibody solu-
tion), just 5 additional minutes of incubation generated a
signal reduction of 3.6 Ct units, which equals a loss
of 92% specific mRNA. It was shown previously that
a reduction of total incubation time down to about 30
minutes or less considerably improves the mRNA
yield.10,14,16,22,26 Nevertheless, we here demonstrate
that even incubation periods of only 15 minutes still dam-
age the vast majority of all specific mRNA molecules and
thus should be avoided. Interestingly, an incubation of 1
hour, which is still a short period compared with conven-
tional immunohistochemical protocols, resulted in a loss
of 99.98% of the detected mRNA sequences. It thus must
be assumed that labeling protocols that last 15 to 30
minutes10,14,16,22,26 reduce the sensitivity of the method
by factors of 100 to 1000. In contrast, samples labeled
within only 5 minutes using the Fab fragment method
evaluated here did not significantly differ in their mRNA
yield from untreated samples. We therefore suggest that
our ultra-short labeling method preserves mRNA at a still
unrivalled level.

The Fab fragment technique not only allows single and
double labelings to be performed within ultra-short incu-
bation periods, but also produced fluorescence labelings
comparable in intensity with classical methods. It must be
noted, however, that the primary antibodies should pos-
sess a high avidity and that they should be applied at
higher concentrations than in conventional two-step pro-
tocols. Fluorescence appears to represent the only im-
munohistochemical method that does not require an ad-
ditional incubation for visualizing antibodies bound to
target epitopes. We here demonstrate that antibodies
covalently coupled to highly efficient fluorochromes (eg,
the V9-Cy3 conjugate included in the present study)
might be useful for fast one-step labelings, but unfortu-
nately, most primary antibodies are not available as flu-
orochrome conjugates, and it is known that the sensitivity
of such conjugates is relatively low.18 The Fab fragment
method presented here allows any mouse antibody to be
coupled to various fluorochromes of the Alexa family,
which are known to be uncommonly bright and stable.27

In addition, the technique can be used to combine mouse
IgG antibodies of the same isotype (eg, IgG1/IgG1) in one
double labeling and even in the same incubation step, as
recently demonstrated.18,19 It must be noted, that, in
some cases, the solution of fluorochrome-labeled Fab
fragments might require a concentration step (eg, in a
vacuum centrifuge), because further antibody, fragment,
and blocking solutions add solvent to the final volume
and must be taken into consideration when calculating
dilutions and molar ratios.

Our experiments revealed that fluorescence micros-
copy if combined with laser microdissection still suffers

Figure 5. Influence of different staining and labeling techniques on ratios
between the target gene vimentin and the housekeeping gene EF-1a. Al-
though samples that underwent labeling or staining techniques that require
just 5 minutes of incubation show ratios almost identical to those obtained
from untreated tissues, we found a significant shift of ratios in tissue sections
that were incubated for 15, 30, or 60 minutes compared with untreated tissue
(P � 0.05; asterisks). Each bar represents ratios and SD of six identically
treated samples.
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from a number of technical limitations, most of which are
related to the supporting film. Its plastic material exhib-
ited autofluorescence, especially under UV and blue ex-
citation, displayed insufficient flatness, and reduced the
performance of the optical imaging because of turbidity.
The supporting film might be replaced by special coating
layers on the glass surface, which then mediate laser
catapulting effects, but no such systems are available
yet. Recently, Micke et al9 demonstrated that a thin fluid
layer applied onto the tissue section before laser micro-
dissection may improve imaging quality in conventionally
stained sections. In our hands, this cover fluid only mar-
ginally improved contrast and brightness in fluorescence
microscopy (data not shown), so that we decided not to
include the method in the present study.

Because mRNA is washed out and enzymatically de-
graded in aqueous solutions, recovery of nucleic acids is
the most critical problem whenever tissue sections are
processed before sample acquisition. Factors that pos-
sibly affect mRNA preservation comprise fixation, stain-
ing or labeling, UV irradiation during laser microdissec-
tion, RNA extraction, and reverse transcription. It was
shown previously that crosslinking fixatives such as alde-
hydes considerably decrease the mRNA recovery.21,28

We show here that a simple fixation in ethanol gave better
results than Carnoy’s solution, which has previously been
published to represent an appropriate fixative regarding
recovery of nucleic acids.20 It is known that ultraviolet
irradiation damages nucleic acids,29,30 but the influence
of the 337-nm laser pulses applied during microdissec-
tion and laser-pressure catapulting has not yet been
determined systematically. To exclude possible artifacts
induced by the ultra-violet laser beam, the tissue samples
analyzed in the present study by quantitative real-time
PCR were isolated mechanically and thus not exposed to
UV light.

Because mRNA recovery and reverse transcription vary
considerably, ratios between the target and one or more
housekeeping genes are normally calculated.2,4This con-
cept implies that the mRNA sequences contained in an
individual sample are identically altered by experimental
conditions such as fixation, efficiency of the reverse tran-
scription, amounts of tissue investigated, and the total pro-
cessing time. However, our data show that prolongation of
the tissue processing time, even by only a few minutes,
affects the ratios between the mRNA sequences measured.
Total processing times of 15 or 30 minutes, as previously
proposed for different protocols,10,14,16,22,26 produced a
false-high ratio for our target gene vimentin and shifted the
ratio between target and housekeeping gene by factors of
4.8 and 8.1, respectively. In contrast, a 5-minute single or
double labeling using the ultra-short Fab complex method
did not significantly alter the ratio compared with that of
untreated samples. Similar artifacts in the quantitation of
gene expressions have recently been shown for the influ-
ence of aldehyde fixation and paraffin-embedding proce-
dures.28 It is important to note that the shift of ratios cannot
be attributed to the target or the housekeeping gene alone.
Thus we strongly recommend ultra-short labeling tech-
niques when performing quantitative gene expression stud-
ies on microdissected tissue.

In conclusion, the present study shows that immuno-
histochemical labeling before laser microdissection and
quantitative real-time PCR not only reduces the mRNA
yield at a rate of 39% per minute or more but also alters
the measured ratios between target and housekeeping
genes by factors of up to 13. The ultra-short one-step
method introduced here reduces both effects to a level
that does not significantly differ from that of unlabeled
samples, provided that the total processing time of the
tissue sections does not exceed 7 minutes.
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